INTRODUCTION
The causes of amphibian populations declining vary from region to region and can show synergistic interactions between more than one threat factor (Davidson and Knapp 2007, Blaustein et al. 2010 ). However, habitat alteration accounts for more declines than any other factor (e.g., Beebee and Griffiths 2005 , IUCN et al. 2006 , Halliday 2008 , Becker et al. 2010 ).
There is a substantial amount of evidence of amphibian declines around the world (Stuart et al. 2004 ). Yet, strategies to solve this problem have been developed mainly by scientists from the United States, Western Europe and Australia (Houlahan et al. 2000 , Young et al. 2001 , Brito 2008 . Some regions have developed strategies for studying the problem of amphibian declines and have amassed useful information about potential causes (e.g., Europe, Araújo et al. 2006 , Australia, Hero et al. 2006 , United States, Adams et al. 2013 
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There is also evidence for amphibian declines in different regions in Brazil (e.g., Heyer et al. 1988 , Weygoldt 1989 , Bertoluci and Heyer 1995 , Guix et al. 1998 , Pombal and Haddad 1999 , Izecksohn and Carvalho-e-Silva 2001 , Eterovick et al. 2005 . As in other Latin American countries, understanding and preventing the decline of populations of amphibians is hampered by a lack of information and appropriate governmental policies to address this issue (Juncá 2001, Silvano and .
Compiling data about species distribution ranges, is an important step in planning conservation actions (Hurlbert and Jetz 2007) , which has been shown in recent studies on Brazilian amphibian communities (e.g., Trindade-Filho et al. 2012 , Verdade et al. 2012 , Morais et al. 2013 . The greatest diversity of amphibians in the world is recorded in Brazil, with 946 described species (Segalla et al. 2012) . However, 33 amphibian species distributed in Brazil are listed in the IUCN Red List, as being 17 vulnerable, 7 endangered, and 9 critically endangered (IUCN 2012) . Despite this, the knowledge generated about biogeography and taxonomy of Brazilian amphibians is still fairly recent, because several species are often revalidated, and mainly because every year new species have been discovered Segalla 2005, Toledo and Batista 2012) .
Even though the number of publications dedicated to the conservation of amphibians has increased in recent years, most conservation strategies for the communities of amphibians are still directed at areas of low biodiversity and with non-endangered species (Brito 2008 ). An analysis of the national and international conservation measures presented in journals published in recent years can indirectly provide an index of attention to a given taxonomic group (Brito 2008) . Therefore, an overview of the recent publications on amphibians in Brazil can be considered a good sample of the current research conducted on the conservation status of these species.
In this context, we aimed to evaluate the state of knowledge of the herpetological surveys conducted over the last decade on the Brazilian amphibians. On the assumption that the number of publications can be an adequate measurement of scientific productivity, we tested the following hypotheses: (1) there are large differences between the numbers of articles published in relation to taxonomic groups and threat categories, (2) the allocation of research efforts is associated with the species richness of the Brazilian biomes, (3) there is a progressive increase in the number of articles published each year on the Brazilian amphibians, (4) Brazil is the most frequent country among the affiliation of the authors of the papers published about Brazilian amphibians, and (5) there is a temporal variation in the research topics among the articles on Brazilian amphibians. Based on the data assessed, we established diversity patterns, attention indexes and the main research trends of the published studies, thus predicting the priority themes for investigation of further studies.
MATERIALS AND METHODS

DATA ACQUISITION
We used scientometric techniques and multivariate analyses from the collection of information relating to the publications of seven international databases (Web of Science, ScienceDirect, Scopus, Wiley Online Library, BioOne, Scielo, and DOAJ). In these analyses, we only included papers published between 2001 and 2010 that featured the terms "Amphibia*", "Anura*", "Caudata", and/or "Gymnophiona", along with the word "Brasil" or "Brazil" in their title, abstract, or keywords.
For each selected study, we identified the year of publication, the nationality of the authors, the place of the work, the keywords, the main research topic, the name of the journal and its impact factor, the population trend and the threat category of the species mentioned, according to the IUCN AMPHIBIAN CONSERVATION IN BRAZIL Red List of Threatened Species categories (i.e., Critically Endangered -CR, Endangered -EN, and Vulnerable -VU, IUCN 2012). Species classified as Near Threatened -NT were excluded from the analysis of threat category, because we adopted only the criteria prepared by the IUCN Species Survival Commission (IUCN 2001 ), which refers to term "Threatened" only in the categories CR, EN and VU.
DATA ANALYSIS
In accordance to Brito (2008), we generated three scientometric attention indexes among the studies analyzed. A taxonomic attention index (AI-taxon) was obtained for the families of amphibians presented in each study, dividing the number of articles related to each family by the number of species from the same family, thus providing a general framework of attention to the families of Brazilian amphibians. A threat attention index (AI-threat) was obtained dividing the number of articles dedicated to threatened species by the number of threatened species in each family evaluated. A biogeographic attention index (AIbiogeog) was calculated for the different Brazilian biomes, dividing the number of articles related to each biome by the number of amphibian species recorded per biome. These data were obtained according to the information from articles assessed and from reviews of distribution maps from the IUCN database (IUCN 2012 ). In addition, we applied a simple linear regression analysis among the number of articles published and the number of species in each group assessed, using the software Ecosim 7.72 (Gotelli and Entsminger 2005) . The classification of biomes follows that of the Brazilian Institute of Geography and Statistics (IBGE 2004) , and the nomenclature of amphibian species follows Frost (2014).
We analyzed the critical mass corresponding to the geographic regions of each biome from Brazil from the database of the National Council for Scientific and Technological Development (CNPq 2010) . We used regression analysis to explore the relationships between the numbers of researchers that have the term "amphibia" in their curriculums with the numbers of published articles on amphibians in each region considered. This analysis was generated by the software Ecosim 7.72 (Gotelli and Entsminger 2005) , providing correlation data and probability of significance of the variables analyzed, according to a significance level of 5%.
The compilation of species richness assessed was obtained through a joint evaluation of the IUCN database (IUCN 2012 ) and the papers considered in this study. To examine the relationships between the numbers of species recorded locally and regionally at different spatial scales, we used an additive partitioning of diversity in three hierarchical levels (i.e., states, geographic regions and biomes). For each spatial level a value of alpha and beta diversity was associated. Thus, α1 and β1 represented the alpha and beta diversity in the lower level (i.e., states), so that β2 and β3 corresponded to beta diversity in the two subsequent levels (i.e., geographical regions and biomes). The statistical significance of each component was measured using a null model, as proposed by Crist et al. (2003) . All analyses for the additive partitioning of diversity were performed by the R software (R Development Core Team 2009), using the algorithms "boot" and "mass" through the adipart function in the R package vegan (Oksanen et al. 2009 ).
To assess the similarity in the species composition among the Brazilian biomes, we used a hierarchical cluster analysis based on the Sorensen coefficient (Magurran 2004), reflecting the biogeographic patterns in the structure of amphibian communities in Brazil. This analysis was conducted through the unweighted pair group with arithmetic mean method (UPGMA), performed by the software MVSP (Kovach 2004) .
From the number of papers published per year it was possible to estimate the temporal trends relative to the number of studies on amphibians in FELIPE S. CAMPOS, DANIEL BRITO and MIRCO SOLÉ Brazil. To assess the contribution of new species to the advances in the basic taxonomic knowledge of the Brazilian amphibians, we superimposed the number of new species recorded each year on the total number of published articles.
To provide the number of published articles according to each research topic studied, we classified the assessed papers into 15 categories of subjects, so that each paper was placed under only one category (i.e., Taxonomy and systematics, Behavioral ecology, Community ecology, Trophic ecology, Reproductive biology, Morphology, Geographic distribution, Conservation biology, Genetic, Phylogeny, Species inventories, Parasitology, Pharmacology, Population ecology, or Physiology).
RESULTS
We found 892 articles focusing on amphibian species from Brazil in the period analyzed (Table I ). In total, we assessed 914 species of amphibians distributed in Brazil. The AI-taxon (taxon-based attention index) showed that Ranidae was the family that received most of the attention among the researchers, unlike the Microhylidae family, which was less studied according to this index (Table I ). In general, the values presented by the AI-taxon were low, mainly due to the relatively small number of articles published in relation to the large number of species of each family assessed, although there is a high correlation between these numbers (r 2 = 0.97, p < 0.01). For the threatened species, there was not a strong correlation between the number of articles published and the number of species in each family (r 2 = 0.54, p = 0.06), where the AIthreat was greater to Leptodactylidae and smaller to Bufonidae. Nevertheless, about 16% of published articles focused on the study of threatened species, which corresponds to only 3.6% of the pool of species assessed (see Table I ).
Most of the species cited in the assessed articles showed unknown population trends. Although 804 species of amphibians with geographical distribution in Brazil have been cited in articles published between 2001 and 2010, only 0.6% had an increasing population trend (Table II) . However, about 25% of species assessed in different threat categories showed a declining population trend, among which only 15% was effectively considered as threatened (i.e., species categorized as VU, EN or CR). The high proportion of threatened species with declining population trends indicates that the real number of threatened amphibian species in Brazil may be higher than that estimated by the IUCN criteria (see Table II ).
The AI-biogeog indicated that the biomes that received the most attention from the researchers were the Cerrado and the Atlantic Forest (Fig. 1) . However, the Cerrado presented a number of species much smaller than the Atlantic Forest (i.e., 188 compared with 504 species), which explains the difference between the values stated for both biomes (Fig. 1) . In addition, this fact can also be explained by the critical mass corresponding to the regions of each biome. There was a high correlation between the relative number of researchers who presented the term "amphibia" on their curriculums with the number of articles published on amphibians in each geographic region of Brazil (r 2 = 0.97, p = 0.04). Therefore, the profile of the values of the AI-biogeog was low when compared to the other biomes evaluated (Fig. 1) . The additive partitioning of diversity indicated that the proportion of the data observed for the alpha and beta diversity in the three scales sampled (i.e., states, geographic regions and biomes) basically did not differ from that obtained by random chance (Fig. 2) . However, the null model showed a small increase of the expected diversity among biomes when compared to the observed diversity in this scale. The remaining values expected in a random distribution of individuals were lower than those shown by the observed diversity (Fig. 2) . The values of the partitioning of diversity showed an apparent complementarity among the scales sampled. AMPHIBIAN The values on the right refer to the proportion in which the number of times the value expected by the null model (Exp) was higher than that value observed (Obs). The percentage values correspond to the proportion of the number of species recorded in each spatial level, being α1 and β1 the alpha and beta diversity in the lowest level (i.e., states), and β2 and β3, the beta diversity in the two subsequent levels (i.e., geographical regions and biomes). AMPHIBIAN CONSERVATION IN BRAZIL Nevertheless, the results showed that 65% of the total species diversity of Brazilian amphibians was represented by the beta diversity among the biomes of the country (Fig. 2) .
The biogeographic patterns in the structure of amphibian communities from Brazil reflected by the proportion of similarity of species among the biomes were highly variable, even for neighboring biomes (Fig. 3) . The greatest proportion of similarity, indicated by Sorensen's coefficient, was between the Cerrado and the Caatinga, with 49% of similarity. In general, the values obtained were low, not exceeding 50% of similarity, implying a high disparity in the amphibian species composition among the different Brazilian biomes (Fig. 3) , which confirms its high beta diversity pattern.
The increase in the number of studies conducted on amphibians between 2001 and 2010 allowed an addition of 132 new species in Brazil (Fig. 4) , among which 60% are distributed in Atlantic Forest, 22% in Cerrado, 12% in Amazon, 3% in Caatinga, 2 % in Pantanal and 1% in Pampa. The affiliation of the authors of the articles analyzed indicated a total of 19 countries that contributed to the publications of the last decade (Fig. 5 ), but were mostly conducted through partnerships with Brazilian researchers, reflecting the enormous diversity of species found in Brazil and its broad potential for new discoveries regarding the biology of Neotropical amphibians. We identified four languages among the articles assessed, corresponding to 763 publications in English, 127 in Portuguese, one in German and one in Spanish.
The articles that presented new data on geographic distribution of species showed 64 new records of the Brazilian amphibians (Fig. 6) . However, taxonomy and systematics were the research topics preferred by the authors considered, representing about 20% of studies, indicating a progressive increase of articles related to the taxonomic reviews and descriptions of new species over the last decade. In contrast, physiology, population ecology, and pharmacology, were the topics least investigated, with about 3% of studies on each topic (Fig. 6 ).
DISCUSSION
The increasing number of publications on amphibians from Brazil can be regarded as a result of the progressive increase in the number of researchers interested in Brazilian herpetology. Important trends and biases were observed in relation to the study of Brazilian amphibians. The results showed that there are many differences in the allocation of research efforts for different taxonomic groups and geographic regions, as well as for some research topics. Some unexpected trends were observed in the attention given to different families of amphibians. The Ranidae family, which is represented by only two species in Brazil, one having been introduced (Lithobates catesbeianus) and the other one being native (L. palmipes), received the highest values on the AI-taxon, possibly because of their economic values. However, the American bullfrog (L. catesbeianus) is considered one of the most harmful invasive species to native amphibian communities (Lowe et al. 2000 , Giovanelli et al. 2008 . In Brazil, introductions of this species have occurred since 1930 in associations with the advancement of aquaculture (Fontanello and Ferreira 2007) . In the last decade, the species was recorded in the field throughout various localities of south, central and southeast of the country (Both et al. 2011) , especially in large areas of the Atlantic Forest (Dixo and Verdade 2006 , Conte and RossaFeres 2006 , Both et al. 2011 . It remains unknown to what extent this species contributes to the decline of population of some Brazilian amphibians (Young et al. 2001, Silvano and . However, already there are some studies about the impacts of the American bullfrog in Brazil, such as competition for microhabitat, changes in acoustic niches, and imbalance among predator-prey relationships in native species (e.g., Silva et al. 2011 , Boelter et al. 2012 , Both and Grant 2012 .
More than 2,000 amphibian species are listed as threatened by extinction, to the extent that amphibians are the most threatened vertebrate group in the world (Stuart et al. 2004) . Although many reductions and extinctions of amphibians have occurred due to the habitat loss, some unidentified processes still threaten 48% of amphibian species arround the world (Stuart et al. 2004 ). This lack of knowledge seriously impairs our ability to plan 
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FELIPE S. CAMPOS, DANIEL BRITO and MIRCO SOLÉ conservation actions to reverse these trends (Brito 2008) . Our results showed that the level of threat to amphibians in Brazil still remains underestimated due to the lack of knowledge on approximately 25% of the species, which are classified as "Data Deficient" (DD). This trend remained the same when compared to a global scale in relation to amphibians worldwide (IUCN 2012 ). According to the Global Amphibian Assessment (IUCN et al. 2006) , the real number of threatened and extinct species of amphibians can be much larger than currently acknowledged. According to the relationship between the numbers of species per area, the Atlantic Forest is considered the leader biome in amphibian diversity in Brazil, accounting for about 50% of the total richness of amphibian species of the country (Conservation International et al. 2000 ). However, the high concentration of amphibian researchers in the southeastern region seems to be the main reason for the high concentration of studies focused in the Atlantic Forest, which can also be applied to the Cerrado. Unlike what occurs in the Brazilian Amazon, where information on the diversity of amphibians is fragmented and not readily available in the scientific literature (Azevedo-Ramos and Galatti 2002). This lack of information is especially problematic for salamanders and caecilians (Gower and Wilkinson 2005) . Moreover, the taxonomic uncertainty applied to various groups of Amazonian amphibians makes this region worthy of further attention among the researchers (Caldwell 1996, Azevedo-Ramos and Galatti 2002). To improve this condition, some research groups need to acquire financial funds for applied studies aimed at understanding the basic knowledge of Amazonian herpetofauna, which despite having high species richness, still remains poorly studied.
The increased concern of researchers with the Brazilian amphibians in the last decade was highlighted by the difference among the numbers of published articles over the years 2001 and 2010, which presented 28 and 177 papers respectively. This probably occurred due to amphibians having been widely promoted as indicators of environmental quality (Lebboroni et al. 2006, Sewell and Griffiths 2009) , which provides them with a special attention to conservation programs. In addition, amphibians are important components of many types of ecosystems, playing a key role in the dynamics between predators and prey (Blaustein et al. 1994) . However, in comparison with other groups of vertebrates, such as birds and mammals, amphibians are still largely unknown (Brito 2008 , Halliday 2008 . This ignorance about amphibians is reflected in the high rates at which new species are being discovered and described. Birds and mammals have been considered traditionally more charismatic than amphibians (Brito 2008) . Thus, there is a need to develop creative approaches to value this group. For example, such approaches could consist in promoting some amphibian species as charismatic through research projects linked to the media.
It is of paramount importance for the Brazilian herpetologists to publish the results of their research, because most of the surveys conducted in the tropics are not made by local scientists, but mainly by researchers from high-income countries (Fazey et al. 2005) . A review conducted on three of the most important international conservation biology journals (i.e., Conservation Biology, Biological Conservation, and Biodiversity and Conservation) showed that 28% of studies published were from lower-income countries and only 15% of all assessed articles had primary authors from these nations (Fazey et al. 2005) . However, our results about the affiliation of the authors showed that most of the published studies on amphibians from Brazil in the last decade were conducted by local researchers (i.e., 85% of the total published articles). This high number of publications by Brazilian authors Even though there is an constant increase in the number of PhD researchers in Brazil, this is still not enough to solve the biodiversity conservation demand in the country (Lawler et al. 2006) , which is even more relevant in the case of amphibians (Urbina-Cardona 2008). Brazilian specialists agree that local amphibian species richness, taxonomy, geographic ranges, natural history and population status are vastly understudied in our country (Pimenta et al. 2005 , Verdade et al. 2012 . Our results showed that research biases were detected for amphibian species that are more common and more widely distributed, as well as the trends observed at a global scale by Brito (2008) , which showed that most amphibian conservation actions are directed at areas with non-threatened species. According to Schiesari et al. (2007) , these biases when present, may reflect important consequences for the amphibian conservation in general or declining populations in particular. Particularly for amphibians, the intensity of threat may be inversely related to the abundance or geographic range of a species (Schiesari et al. 2007) , so that many cases associated with declining populations were recorded at long distances from the research centers or in areas with little investment in science and technology (King 2004) .
Amphibians are declining practically the entire world, but the lack of long-term regional data hinders the identification of their possible causes, thus hampering the establishment of conservation efforts (Stuart et al. 2004 , Nystrom et al. 2007 . Although the number of articles devoted to amphibians in Brazil has increased in recent years, there is still a great need for an increase in the number of articles focusing on the conservation of amphibians, especially with regards to threatened species, population dynamics and interspecific relations. Even in fragmented landscapes, we still have time to save some critical habitats for the conservation of species through systematic conservation planning (see Margules and Pressey 2000 , Margules and Sarkar 2007 , Diniz-Filho et al. 2007 , Loyola et al. 2008 , Sarkar and Illoldi-Rangel 2010 . In addition, we must set priorities to assess whether the current distribution of protected areas include the geographic ranges of amphibian species that are conservation targets in Brazil. However, the selection criteria analyzed must be complemented with social participation, which includes decision makers to promote and understand the socio-economic related issues. Thus the priorization of conservation sites and research topics about Brazilian amphibians would possible at regional levels.
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